Sugarcane mosaic virus (SCMV) causes substantial losses of grain yield and forage biomass in susceptible maize worldwide. A major quantitative trait locus, Scmv1, has been identified to impart strong resistance to SCMV at the early infection stage. Here, we demonstrate that ZmTrxh, encoding an atypical h-type thioredoxin, is the causal gene at Scmv1, and that its transcript abundance correlated strongly with maize resistance to SCMV. ZmTrxh alleles, whether they are resistant or susceptible, share the identical coding/ proximal promoter regions, but vary in the upstream regulatory regions. ZmTrxh lacks two canonical cysteines in the thioredoxin active-site motif and exists uniquely in the maize genome. Because of this, ZmTrxh is unable to reduce disulfide bridges but possesses a strong molecular chaperone-like activity. ZmTrxh is dispersed in maize cytoplasm to suppress SCMV viral RNA accumulation. Moreover, ZmTrxhmediated maize resistance to SCMV showed no obvious correlation with the salicylic acid-and jasmonic acidrelated defense signaling pathways. Taken together, our results indicate that ZmTrxh exhibits a distinct defense profile in maize resistance to SCMV, differing from previously characterized dominant or recessive potyvirus resistance genes. This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please note that during the production process errors may be discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.
137
To verify that ZmTrxh is indeed the causal gene within Scmv1, an intact native Table 2 ). transcript abundance, which in turn determines resistance performance to SCMV.
176
To gain insight into how ZmTrxh transcript abundance affects maize resistance to 177 SCMV, we analyzed the relationship between ZmTrxh expression level and resistance 178 performance using T 2 progeny from the transgenic event #15-5. T 2 progeny were 179 individually inoculated with SCMV, the ZmTrxh transcript levels were assessed at 24 h M A N U S C R I P T homologs, from which 32 non-redundant ZmTrxs were identified (Supplemental Table 3 ).
A C C E P T E D ACCEPTED MANUSCRIPT

192
ZmTrxs are distributed across all maize chromosomes except for chromosome 9
193
(Supplemental Figure 5 ). ZmTrxh has low sequence identity with all other ZmTrx 
198
Although Trxs can be quite divergent in primary structure, they have a common ZmTrxh also exhibits molecular chaperone activity, we monitored its ability to inhibit the that ZmTrxh is distributed throughout the plant cytoplasm as are most Trxhs.
246
ZmTrxh confers strong early resistance to SCMV. Thus, we sought to determine purpose, we adopted a transient expression assay based on maize mesophyll protoplasts.
249
The construct p35S::ZmTrxh-GFP was mixed with the viral RNA, and the mixture was Figure 5G ). Moreover, neither SCMV symptom nor hypersensitive response-
282
associated necrosis was present on leaves.
283
We then collected the fourth non-rubbed leaf for gene expression analysis. On the at early infection stages is presumably independent of SA and JA defense responses.
302
DISCUSSION
303
In the current study, we demonstrate that a novel h-type thioredoxin with atypical active 304 site is involved in maize resistance to SCMV. All ZmTrxh alleles, whether they are HuangC, X178, Zheng58, and Chang7-2), were kept in our laboratory and used in the including R1-2, P02, P05, P07, P14, P17, and STS-11 (Supplemental Table 5 
490
A minimum tiling path covering the Scmv1 region was selected for sequencing and gene 491 annotation.
492
BAC DNA was extracted and purified using the Qiagen large-construct kit. DNA Table 1 ). codon, the entire 794-bp coding region, and 3.5 kb region downstream of the stop codon.
M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT
515
The construct was transformed into the recipient HiII (B73×A188) via Agrobacterium 516 tumefaciens (EHA105).
517
Evaluation of SCMV Resistance for Transgenic Progeny
518
A pair of primers was designed to identify transgenic plants; one primer targeted the border harvested were immediately frozen in liquid nitrogen and stored at -80°C.
554
Total RNA from these leaf samples was isolated using the RNAprep pure kit for plants
555
(Tiangen Biotech). RNA quality was estimated on a denaturing formaldehyde RNA gel 556 and quantified with a Nanodrop-1000 spectrophotometer (Thermo Scientific). The Table 5 .
566
Relative expression was calculated according to the 2 -∆∆Ct method, and the standard error
567
(SE) was calculated among three biological replicates.
568
Semiquantitative Reverse-transcription PCR Assay
569
Total RNA was extracted from 1) the fourth non-rubbed leaf tissues at the three-leaf stage 
602
Isolation and Purification of AtTrxh5 and ZmTrxh
603
AtTrxh5 and ZmTrxh were produced in an E. coli expression system and isolated using a Table 5 ) and cloned into pEASY-T1. The full-length cDNA insertions were Table 5 ) were designed to amplify the 5′-and 3′-RACE-ready cDNAs,
649
respectively. The amplicons (RACE products) were then cloned into vector pEASY-T1
650
(TransGen Biotech) for sequencing. Sequences from 5′-and 3′-RACE products were 651 assembled to build the full-length ZmTrxh cDNA based on the overlapping regions.
652
Subcellular Localization of ZmTrxh
653
Full-length ZmTrxh cDNA was amplified using the primer pair TrxGFP and tailed with
654
EcoRI and BamHI restriction sites (Supplemental Table 5 ). The PCR products were first 655 cloned into pEASY-T1. After double-digestion with EcoRI and BamHI, the full-length collected from Mo17 to obtain viral particles when severe mosaic symptoms were evident 676 in the whole leaf. Viral RNA was extracted from viral particles as described by Dijkstra and
677
De Jager (1998). 
970
See also Supplemental Table 2 . 
